Abstract. Radon ( 222 Rn) and thoron ( 220 Rn) from soil gas are very signifi cant factors that can affect the indoor radon level in the fi rst fl oor or in the basement. China is one of the countries with the highest thorium content in the world. Therefore, it is very signifi cant to study 222 Rn/ 220 Rn concentration in the soil in Shenzhen City (SC). A 222 Rn/ 220 Rn survey was performed using a portable radon monitor (model RAD7) at 69 sites, covered a total area of 1800 km 2 in 2013 to get the original data for radon risk estimation in SC. The average values of 222 Rn and 220 Rn concentration of soil gas of the total 69 locations are 86 ± 72 kBq·m -3 and 118 ± 85 kBq·m -3 , respectively. 222 Rn/ 220 Rn concentrations are related to geological lithology. 222 Rn concentrations vary from 40 to 370 kBq·m -3 and from 15 to 118 kBq·m -3 in weathered granite products and sediments, respectively, while 220 Rn concentrations are from 103 to 435 kBq·m -3 and 2.2 to 96 kBq·m -3 . The higher 220 Rn values were mainly observed at the sites covered by the weathered granite products. Comparing with the areas of high profi les for 222 Rn differed from soils developed on fault zones, uranium deposits or both [10] . Soil radon concentrations in the Amer fault zone have been measured for a 4-year period to check seasonal fl uctuations and to understand radon origin and dynamics. Radon fl uctuations were repeated every year, with values in summer much higher than in winter [11] . Continuous soil gas 222 Rn/
220
Rn measurements were carried out along Mat fault in Mizoram, and positive correlations were found between 222 Rn/ 220 Rn data and the earthquakes [12] . Anomalous behaviours in radon concentrations have been observed prior to some earthquakes [13] . The measurements of soil gas 222 Rn/ 220 Rn, together with carbon dioxide (CO 2 ) effl ux, were performed in the fault zone near the village of Santa Venerina (SV) in the east fl ank of Mt. Etna volcano to investigate how fractures in the ground can affect the radon transport [14] . Spain scholars researched on soil gas radon emissions and volcanic activity at El Hierro (Canary Islands) [15] . The measurements of the 222 Rn/
Rn exhalation rate were also of concern [16, 17] . 222 Rn/ 220 Rn levels of soil-gas were carried out in Al-Kufa City in Iraq [18] .
In 2011, we conducted a 222 Rn/
Rn survey in soil gas by the RAD7 monitor in the period of ZC's radon potential mapping and mapped the fi rst thoron contour map [19] . We noticed that the highest dose rate reached to 368 nGy/h in SC [20] . So a preliminary investigation of 222 Rn/
Rn concentration of soil gas in Shenzhen City (SC) was carried out using a por- 222 Rn and 220 Rn concentrations in the soil gas were determined by a RAD7, radon monitor in SC, manufactured by Durridge Co., Inc. (Bedford, MA). The structure and detector of RAD7 radon monitor were described detail in the article [19] .
Instruments and methods

Radon monitor and its calibration
RAD7 was calibrated at Durridge's indoor calibration facility, which was a radon chamber used radium ( 226 Ra) source to provide RAD7 with 222 Rn source. According to the RAD7 User Manual [21] , the reproducibility is generally better than 2% with standard RAD7 calibration in Durridge Co. Inc. Overall calibration accuracy is in the range of 5%. The calibration uncertainty of our RAD7 was 2% (1-sigma), and the mean radon concentration in the radon chamber was 1.28 kBq/m 3 and the mean Celsius temperature was 24.9, and not including the uncertainty of the reference source which was evaluated to be within ±5% (1-sigma).
The RAD7 was calibrated in a standard radon chamber in the Division of Radioactivity Exploration Metrology belonged to the Aerial Remote Sensing Center of Chinese National Nuclear Corporation before we started our fi eld measurement in SC.
The 'sniff' mode of the RAD7 was used in radon measurements in the fi eld. Sampling time was 3 min and the pump was set in 'auto' mode. The relative humidity was lower than 10% during fi eld radon investigation. A simple schematic diagram of soil gas radon measurement with RAD7 monitor was shown as in our article [19] .
Radon measurement in the fi eld 222 Rn and 220 Rn measurements were conducted at the depth of 80 cm below the ground. The 222 Rn and 220 Rn sampling model and the procedure as same as we did in radon survey in Zhongshan City, Guangdong Province [19] .
Radon contour map
In order to display the distribution of 222 Rn and 220 Rn concentration at the depth of 80 cm below ground, a radon contour map was built using Kringing of special grading method. After calculating the original grid values, the spline smooth, using cubic spline interpolation, computed new grid nodes. The interpolation simulates a drafting technique where a fl exible strip (a spline) is used to draw a smooth curve between data points.
Overview of investigation area
The surveyed area covered 1800 km 2 , from 113°46' E to 114°37' E, and from 22°27' N to 22°52' N. There is a subtropical oceanic climate with the average annual temperature of 22.4°C in SC.
There are three types of geomorphology in SC, including mountain, tableland and coastal area. The Quaternary strata are composed of gravel, sand, clay and silt. Magmatic activity was very intense during the Yanshannian period in this area. The outcrop areas of the Yanshanian granitoids and volcanic rocks cover up to about 56% of the entire area. Volcanic rocks are mainly composed of the Mid-Jurassic and the Late Jurassic rocks. The intrusive rocks are composed of the Middle and the Late Jurassic and the Cretaceous biotiticgranite and granodiorite [22, 23] .
A simplifi ed geological map extracted from a 1/500 000 digital geological map database of China Geological Survey (CGS) is shown in Fig. 1 .
Characteristics of 222
Rn/
220
Rn concentration
Radon, thoron, radium and thorium in the vertical direction
In our radon survey, two typical experimental sites were chosen to do a research on the characteristics of 222 Rn/ 220 Rn concentration of soil gas in the vertical direction. One was a site covered with weathered granite, coded as LWS (natural weathered granite outcrops), and the other was located at Wutongshan Mountain coded as WTS, covered with soil. 222 Rn/ 220 Rn concentration was determined by the RAD7 monitor at different depths with vertical intervals of 0.2 m at the same site. Meanwhile, two soil samples were collected at every depth for determining of radium and thorium by HPGe gamma--ray spectrometer in the laboratory. The measuring results are shown in Fig. 2 . Figure 2 shows the following three points: 1. The distribution of 226 Ra and 232 Th is uniform at the two sites in the vertical direction. The average value of radium specifi c radioactivity concentration of the total 9 samples is 101 ± 7.8 Bq/kg, and that thorium specifi c radioactivity concentration is 127 ± 17.1 Bq/kg. 2. The distribution of 222 Rn concentration in soil gas in the vertical direction is the exponential distribution mode, which can be explained by the diffusion of radon in the soil, but there is some difference of 222 Rn concentration between the two sites. 222 Rn concentrations of site LWS are higher than that of site WTS. 3. The distribution of thoron concentration of soil gas in the vertical direction has no obvious regularity, but thoron concentrations of site LWS are higher than that of site WTS.
Distribution of 222
Rn
The total of 69 measurement locations was designed at the location of the grid nodule, a grid of 10 km × 10 km, where we carried out the radon survey in SC. , respectively.
The relationship between the concentration of radon and thoron in the soil gas and lithology is a problem that we care about because of the extensive exposure of granite rocks in SC. The results of statistical correlation are listed in Table 2 . The correlation coeffi cients in Table 2 display that   222   Rn/   220 Rn concentration in soil gas is signifi cantly related to lithology. was observed at site CSL located in a litchi orchard in the northeast zone covered with the weathered products of the Later Jurassic biotite granite rocks. The maximum value of 222 Rn concentration (370 Bq/m 3 ) was observed at site SL located in the west part of SC. 3.
Geographical distribution characteristics
222
Rn/ 220 Rn concentrations were not high in the areas exposed sandstone, mudstone, siltstone, tuff, and other kind of sediments. These districts include the middle parts of SC.
Conclusions and suggestions
Our preliminary radon investigations show that: Rn concentration in the vertical direction displays an exponential distribution mode, but there is no rule of 220 Rn concentration. 3 . We suggest that people should perform a more detailed investigation of the thoron level in the room in SC because there are high activity concentrations of thoron and thorium in SC.
